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1 Abstract 

Ifey^aeTCH CTpyKTypa C ^-BHyTpeHHOCTH mhojkcctb BeKTopHbix nojieft, o6jia- 

flaiOIHHX pa3JIHHHi>IMH BMflaMH CBOHCTBa OTCJiejKHBaHHH. IIoKa3aHO, hto pjia 

cjiynaa jinninHHeBoro CBOftcTBa OTCJiejKHBaHHH OHa coBna,n,aeT c mho^kcctbom 
CTpyKTypHO ycTOHHHBBix CHCTeM. B cjiynae, ecjiH pa3MepHOCTb MHoroo6pa3iiH 
He npeBbiinaeT 3, aHajiornnHbift pe3yjiBTaT BepeH ^jih opneHTHpoBaHHoro CBoft- 

CTBa OTCJiejKHBaHHS. 

2 BBe^eHHe 

3a/i,aHa 06 OTCjiejKHBaHHH nceBflOTpaeKTopHft CBiraaHa co ene^yioiHHM Bonpo- 
com: npn KaKHx ycjiOBiiax pjisi jno6oft nceBflOTpaeKTopHH flHHaMHnecKoft CHCTe- 
mbi mojkho Haft™ 6jiH3Kyio k Heft TpaeKTopnio? IfeyneHHe flaHHOft 3a,n,aHH 6bijio 
HanaTO J\. B. Ahocobhm [1] h P. BoysHOM [2]. CoBpeMeHHoe coctohhhc TeopHH 
OTCJieJKHBaHHH B 3HaHHTejIbHOft CTeneHH OTpajKeHO b MOHorpacpHHx [3, 4J. 

OTMeTHM, HTO OCHOBHOe OTJIHHHe 06 OTCJiejKHBaHHH flJIH nOTOKOB OT 

aHajiorH^HOft 3a/i,aHH ^jih /niCKpeTHbix ^hhcImh^gckhx chctcm, nopojK^aeMbix 
flH(pcpeoMop(pH3MaMH, coctoht b penapaMeTpH3anHH OTCjiejKHBaioiHHx Tpaex- 

TOpilft. 

U,ejib flaHHOft CTaTbH - onncaTb CTpyKTypy C ^ -BHyTpeHHOCTH mhojkcctb 
BeKTopHbix nojieft, o6jiaflaiom,Hx tcmh hjih hhmmh CBOftcTBaMH OTCjiejKHBaHHH 
nceBflOTpaeKTopHft. 

3 OcHOBHbie o6o3HaHeHHH h pe3yjibTaTbi 

E[ycTb M - rjia/pcoe n-MepHoe 3aMKHyToe (i.e. KOMnaKTHoe 6e3 Kpaa) mho- 
roo6pa3He c pniviaHOBOft mctphkoh dist. 06o3HaHHM nepe3 ^F(M) npocTpaH- 
ctbo raaflKHx BeKTopHbix nojieft Ha M c C^-Tonojiorneft. fljisi BeKTopHoro nojia 
X G F{M) 6y^eM o6o3HanaTb nepe3 (f>(t,x) TaKyio TpaeKTopnio nojia X, hto 
4>(0, x) = x. 
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Onpe^ejieHHe 1. IlycTb d > 0. Byn,eM Ha3biBaTb d-nceedompaenmopueu nana 
X TaKoe OTo6pa>KeHHe g : R — > M, hto dist(g(i + t), 4>(t, g(r))) < d fljia |t| < 1, 

T 6 R. 

BBefleM noHHTHe CBOHCTBa OTCjiejKHBaHHH fljiH noTOKOB. BajKHeftinyio pojib 
b CBOiicTBe OTCjiejKHBaHHH fljia noTOKOB HrpaiOT penapaMeTpH3an;HH. 

Onpe,a,ejieHHe 2. Ha30BeM penapaMempu3av,ueu TaKoii B03pacTaioiiriiii ro- 
MeoMopcpH3M h : R — > R, hto /i(0) = 0. fljia a > o6o3Ha x iHM nepe3 Rep(a) 
mhoxkctbo penapaMeTpH3au;HH, yn,OBjieTBopfliom;Hx nepaBCHCTBy 



Kh) - h{t 2 ) 



Onpe,a,ejieHHe 3. By^eM roBopiiTb, hto noTOK (j) o6jia,ziaeT opueHmupoeaH- 
hum ceoilcmeoM omcJiewcueaHUM, ecjiii no jiio6oMy e > HaflfleTca TaKoe d > 0, 
hto fljia jihd6oh d-nceB/i,OTpaeKTopHH <? mojkho yKa3aTb Taioie TOHKy p ii pena- 
paMeTpH3au;Hio ft,, ^to BbinojraeHO HepaBeHCTBO 

dist{<j>(h(t),p), fif(t)) < e, ten. 

Onpe,a,ejieHHe 4. Byn,eM roBopHTb, hto noTOK o6jia,ziaeT AunmwueeuM ceou- 
cmeoM omcjiewcueaHUM, ecjiii cymecTByiOT Lq, Dq > co cjieflyioinHM cboh- 
ctbom: jijisi jno6bix d < Do h d-nceB^OTpacKTopnii g momo yKa3aTb Taxne 
TOHKy p h penapaMeTpii3aE,Hio h € Rep(Loc?), hto BbinojmeHO HepaBeHCTBO 

dist((/)(/i(t),p),5i(i)) < L d, t £ R. 

ByneM o6o3HaHaTb nepe3 OrSh n LipSh MHOJKecTBa bcktophbix nojieii, 06- 
jia,n,aioinHx opueHTupoBEiHHBiM h jinnmnijeBbiM CBOitcTBaMii OTCjiejKHBaHHH, co- 
OTBeTCTBeHHO. KpoMe Toro, 6yn,eM o6o3HaHaTb Hepe3 S MHO»cecTBO CTpyKTypHO 
ycToii^HBbix BGKTopHBix nojieii, nepe3 T mhojkgctbo BeKTopHbix nojieii, y koto- 
ptix Bee tohkh noKOH h 3aMKHyTbie TpaeKTopHH rHnep6ojiHHHbi, n nepe3 KS 
MHO»cecTBO nojieii KynKH-CMeft.ua [S]. 5Icho, hto LipSh C OrSh. 

fljia jiio6oro MHO>KecTB a A C J~(M) 6ya,eM nepe3 Int 1 (.A) o6o3HaHaTb 
C 1 -BHyTpGHHOCTB MHO»cecTBa A. fl,Jix BeKTopHoro nojia X o6o3HaHHM nepe3 
Per(JT) MHO>KecTBO ToneK iiokoh h 3aMKnyTbix TpaeKTopnft nana X. JXiin bch- 
Koii runepGojiiraecKOH TpacKTopnn p € Per(X) 6y^eM o6o3HaHaTb nepe3 W s (p) 
ii W u (p) ee ycToiiHHBoe ii HeycToiiHHBoe MHoroo6pa3iie, cooTBeTCTBeHHO. 

B IB] noKa3aHO, hto S C LipSh . Tax xax mhojkcctbo S 1 HBjiHeTCH 
C 1 -OTKpbiTbiM, to S C Int 1 (LipSh). OcHOBHbie pe3yjibTaTbi flaHHOli CTaTbH Ta- 
kobbi: 

TeopeMa 1. 5" = Int 1 (LipSh). 

TeopeMa 2. Ecau dim M < 3, mo eunojiHeno paeencmeo S = Int 1 (OrSh). 
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4 ,H,OKa3aTejii>CTBO TeopeMbi [T] 

MoflH(pHD;HpyH TexHHKy, npHMeHGHHyio b [7J pjisi cjiynaa /ni(p(peoMop(pH3MOB, 
jierKO flOKa3aTb cjieflyromee yTBepjKfleHne: 

JleMMa 1. Int 1 (OrSh) C T. 

TaH ppvsaaji b [H], hto Int 1 (KS) = S. TaKHM o6pa30M, pjisi ,n,OKa3aTejibCTBa 
TeopeMbi Q] ocTajiocb flOKa3aTb cjieflyiomee yTBep:sc,zi,eHHe: 

JleMMa 2. IJycmbX G Int^LipSh) up,q G Per(Jf). Ecjiur G W u (q)nW s (p), 
mo r- moHKa mpanceepcaAbHoeo nepeceuenuM W u (q) u W s (p). 

/JoKaaameAbcmeo. Mbi npHBe,n,eM ,i],OKa3aTejibCTBO stoh jicmmm p/in HanSojiee 
Tpynporo cjiy^iaa, b kotopom p h q - tohkh noKoa. B ocTajiBHbix cjiyiaax, 
Hcnojib3ya MeTOflti, onncaHHbie b [7], [3], mojkho flOKa3aTb aHajioriiHHoe yTBep- 

JKflCHHe fljlfl OpHCHTHpOBaHHOrO CBOHCTBa OTCJieJKHBaHHH: 

JleMMa 3. nycmb X G Int 1 (OrSh). Ilycmb 71 - 3aMKHymaM mpaetzmopuM 
noAM X, a 72 G Per(X). Ilycmb ro G W s {"f\) n ^"(72). Tozda tq - mouKa 
mpanceepcaAbHozo ncpeceuenuM W s {^\) u IF" (72). 

HaM noHa,n,o6HTCH p^e sjieMeHTapHbie TexHHHecKne jicmmbi, ,i];0Ka3aTejibCTBa 

KOTOpblX Mbl OnyCTHM. 

PaccMOTpHM Ha njiocKOCTH R 2 noTOK ip(t,x), nopojKfleHHbiii jihhghhoh aB- 

TOHOMHOH CHCTeMOH BHfla 

i=^^ ^ J x, x G R 2 , iyje a > h b ^ 0. 

fljia tohkh a; G R 2 \ {0} 6yn,eM o6o3HaHaTb nepe3 arg(x) TOHKy j|j G S 1 . 

JleMMa 4. /Jam aw6ux e, L > cyuificmeywm manue noAootcumeAbnue hucao, 
T = T(e, L) u do = do(e, L), umo ecAu 

d < d , x ,xi G R 2 , |x | > d, h{t) G Rep(Lo?), 

\(p(t,x ) - ip(h(t),xi)\ < Ld npu fe[0,T], (1) 

mo eunoAHeno nepaeencmeo | arg(xi) — arg(xo)| < £. 

0,n,HOMepHbiM (h 6ojiee npocTbiM) aHajioroM jieMMbi |4] sBjiaeTca: cjie/jyiomee 
yTBepjKfleHne, OTHOCHineecH k ;ni4><P e P eHU , HajIbHOM y ypaBHeHHio x — ax na 
npaMolt h k ero noTOKy (p(t, x) = xe at . 

JleMMa 5. /Jam ak>6ux e, L > cymficmeywm mame noAootcumeAbHue hucao, 
T = T(e,L) u do — do(e,L), umo ecAu 

d < do, xq,xi G R, |&o| > d, h(t) G Rep(Ld), 

u eunoAHeno Hepaeencmeo (QJ), mo eunoAHeno Hepaeencmeo 

|xi - a; 

— i — i — < e - 
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IlpHCTynHM k flOKa3aTejibCTBy jieMMbi [5J IIpeflnojiojKHM npoTHBHoe: nycTb 
r - TOHKa HeTpancBepcajibHoro nepeceneHHH W u {q) h W s (p). B [7] h [9] no- 
Ka3aHO, hto b jiio6oh C 1 -OKpecTHOCTH nojia X Haii^eTCH Taxoe nojie X' , hto 
p h q rHnep6ojiHHecKHe tohkh noKOH nojia X', r - TOHKa HeTpaHCBepcajibnoro 
nepeceneHHH W u (q) h VF s (p) h nojie X' jiiiHeftHO b HeKOToptix OKpecTHOCTsx 
N p ii iVg ToneKp h q cooTBeTCTBeimo. HocKOJibKy X S Int 1 (LipSh), to X' mojk- 
ho Bbi6paTb TaKJKe npHHafljiejKaiHHM Int 1 (LipSh). ,3,jih /jajibHeHHieii npocTOTbi 
H3jio»ceHHH nepeo6o3Ha T iiiM X' *iepe3 X, a noTOK, nopojKfleHHbifi X' ', nepe3 </>. 
B flajibHeftnieM b xo,a,e ,z],0Ka3aTejibCTBa mm 6yo,eM HecKOjibKO pa3 noflo6HbiM 06- 
pa30M B03MymaTb nojie X , ocTaBjiaa ero b Int 1 (LipSh) h nepeo6o3Ha T iaH HOBoe 
nojie nepe3 X, a noTOK nepe3 </>. 

OTO>K^,eCTBIIM OKpeCTHOCTII Np II N q C npOCTpaHCTBOM R . BBe^eM b AT p II 

iV g TaKHG jiOKajibHbie KOopfliiHaTbi (y, z) h (£, 77), hto p m q - Hanajia KOopfliraaT 
b iV p 11 iV g , a MaTpnrp>i 54ko6h b stiix KOop/niHaTax iiMeiOT Biifl (bo3mo>kho ^jih 
SToro npii^eTCH B03MyTiiTb nojie X): DX(p) = diag(A p , B p ), iyi,e Re(Xj) < 
pjisi co6cTBeHHbix Hiiceji A p , Re(Xj) > pjia co6ctb6hhmx HHceji B p , h B p = 
diag(Ai,...,A Ul , £>i,..., D U2 ), r^e Ai,...,A Ul G R 11 Dj - MaTpnubi 2x2, 
iiMeiomne bh,h, 

Dj = y ~^ J , r fl e Oj > h ^ 0, j € {1, . . . , u 2 }. 

AHajioriiHHO, DX{q) — diag(A g , iyje Re(Xj) > pjm co6cTBeH- 
hmx Hiiceji A q ; Re(Xj) < pjin co6cTBeHHbix ^Hceji B q h B q — 
diag(/ii,...,/i sl ,£>i,...,-D S2 ), iyje fX!,...,fi Sl e R 11 - MaTpnnbi 2x2, 
iiMeiomiie BHfl 

Dj := f ~ J "a^ ) ' r A e fi j < h fej ^ 0, j e {l,...,s 2 }. 

TaxiiM o6pa30M, b sthx OKpecTHOCTax iVp ii Nq (a b /jajibHeiiiiieM mm 6yn,eM 
c^iiTaTb, hto Bee paccMOTpeHiie Beppicsi b o6 r beflHHCHini N p 11 N q 11 Majioii 
OKpecTHOCTii TpaeKTopiiii tohkh r) BepHO cjie,nyioiHee: 

W s (p) = {z = 0}, W u (p) = {y = 0}, VF S (<7) = {r, = 0}, W"(g) = {£ = 0}. 

BBefleM o6o3 H aHe H Ha: S p = W s (p), U p = W u (p), S q = W s (q), U q = W s {q). 

IlyCTb npil 3TOM S q — © • • • ® Sg^ , Tfl/d I = Si +S2 H Sg 1 '' , . . . , «Sg - o,n,HOMep- 

Hbie hjih flByMepHbie iiHBapiiaHTHbie OTHOCiiTejibHO DX(q) noflnpocTpaHCTBa. 
AHajiornHHO, U p = Up © • • • © U p n \ r^e m = u\ + Ui vl C/p 1 ', . . . , - o^- 
HOMepHbie hjih flByMepHbie HHBapnaHTHbie OTHOCiiTejibHO DX{p) noflnpocTpan- 
CTBa. 

OGosHaniiM pjisi j = nepe3 11^ npoeKTopbi Ha S q ^ napajijiejibHO 

U q © Sq^ © • • ■ © S q J ~ 1] © © • • ■ © S^. npn 3tom 6y^yT BbinojiHeHbi 

paBCHCTBa 

n^s« = s« ; n<%w = o, rfle j,fc = i,...,z, j^fc. 



4 



06o3Ha^iHM Hepe3 II g npoeKTop Ha S q napajijiejibHO U q :H q = H q + • • • + U q l \ 
IlycTb IIp 1 ^ , . . . , H p m ^ - npoeKTopti Ha Up 1 ' 1 , . . . , U p ^ cooTBeTCTBeHHO. Bep- 
ho cjie^yioiHee: 

n«£/« = u®, n«nw = o, me i,k = i,...,m, * ^ fe. 

06o3HaHHM nepe3 n p npoeKTop Ha C/p napajijiejn>HO S p : lip = Hp 1 ' + • • • + Jl p m \ 
Bbi6cpeM Ha TpaeKTopHH <f>(t, r) tohkh a p € N p , a q S -/Vg TtiKHM 06- 
pa30M, tttoSbi fljia jiro6oro t > BbinojiHHjiHCb bkjhohghhh (f>(t,a p ) G i\T p , 
4>(—t,a q ) € N q . Ilpn 3tom fljia: HeKOToporo r > 6ya,eT BbinojiHeHO paBGHCTBO 
a p = 4>{t, a q ). IlycTb v p — X(a p ), v q = X{a q ). 5Icho, hto v p £ S p , v q € J7 g . 

IlycTi> S p - rHnepnjiocKOCTb b S p , opToroHajibHaa: v p , a E p - acpcpHHHoe 
(n — l)-MepHOC no^npocTpaHCTBO E p = a p + E p + U p . AHajiorn^HO, E g - rn- 
nepnjiocKOCTb b U q , opToroHajibHaa v qi a Eg - acp<P HHHOe ( n — l)-MepHoe no,z],- 
npocTpaHCTBO Eg = a q + E g + S q . 5Icho, ^ito E p h E g He HMeiOT KOHTaKTa c 
nojieM X b Majitix OKpecTHOCTax ToneK a p vl a q . 06o3Ha x iHM nepes K : Eg — > E p 
cooTBeTCTByiomee OTo6pa:sceHHe IlyaHKape. 

Bo3MymeHHeM nojia X h Bbi6opoM KOop/n-maT okojio Kycxa TpaeKTopnn 
4>([o,r],a q ) mojkho ^o6HTbca: Toro, ito6h 

- BbinojiHHjiocb paBeHCTBO K(x) = <P(t,x) fljia x 6 Eg, 6jih3khx k a 9 ; 

- OTo6pa»ceHHe K 6bijio jiHHeitHbiM (npn ecTecTBeHHOM OTOJKflecTBjieHHH Eg 
c Eg (33 S q h Ep c Ep (33 Up}. 

-Hcho, ^to b 3tom cjiynae 

T ap W u (q)=Kt q + Vp h T ap W s (p) = tp + v p . (2) 

HeTpaHCBepcajibHOCTb nepeceieHHH W u (q) h W s (p) b TO^Ke a p 03HaHaeT, hto 
r a W"(g) + T ap W s (p) ^ R n . BBHfly coothohighhh ([2]) sto 03HanaeT, hto 
Up + Ep + KY> q ^ R™. OTcro^a, BBH^y paBeHCTBa v p + E p = Sp, cjie^yeT, hto 

npi^Eg ^ C/p. (3) 

Ife cooTHonieHHH ([3]) cjieflyeT, hto npn HeKOTopoM i £ { 1 , . . . , m} BbinojineHO 
cooTHonieHHe TL p Kfl q ^ ?7 P . Mm paccMOTpHM Han6ojiee cjiojkhbih cjiynafi, b 
kotopom dmiUp^ —2m dimnp-'XEg = 1. OGosHa^HM ^epes e p € U p e r zniHn t i- 

(i) ~ e 

Hbifi BeKTop, nepneHflHKyjiapHbiH Tl p KT. q . 06o3HaHHM H;epe3 H P F npoeKiniio 
Ha npsMyio, npoxo^Hmyro nepe3 BeKTop e p , napajijiejibHO IIp^JTEg. H3 Bbi6opa 
e p cjiepyei paBeHCTBO 

n^KEg = {0}. (4) 

JI1060H BeKTop a; € Eg npeflCTaBHM b BHfle x = Tl q x + y, r^e y € E g . OTcro,a,a 
cjieflyeT, hto H p p Kx — np p A'(nga; + y) — H P F KH q x + H P F Ky. H3 paBeHCTBa 
([4]) cjieflyeT, hto 

JT/Kx = li^KUqX AJia x e Eg. (5) 
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BBH,n;y Toro, hto E p = KY, q — K(E q + S q ), BbinojmeHO cooTHOineHne 

B?KS q {0}. (6) 

B flajibHeiiineM mbi 6ya;eM ccbijiaTbca jiHHib Ha coothohichhh ([S]) h ©; pa36op 
flpyrHx cjiynaeB OTjinnaeTCH jiHHib Bt>i6opoM BGKTopa e p . 

OTO»c^,ecTBHM npHMyio, npoxo/jHinyio nepe3 e p , c BemecTBeHHOii npsMoii h 
6yn,eM CHHTaTb, hto H p p e p = 1. Bbi6epeM TaKoft eflHHHHHbift bgktop e q E S q) 

HTo6bI flJIH BCeX j £ {1, . . . , 1} BbinOJIHHJIHCb COOTHOIIIGHHH 

1. n^e, = 0, ecjiH Ilp p KS q i} = {0}. 

2. n^iOI^eg < 0, ecjiH U p p KS q j) ^ {0}, npii stom earn dim 5^ = 2, to 
e g Bbi6epeM TaKHM o6pa30M, HTo6bi H q e q _L Ker n p p l£T[g . 

H3 ([6]) cjie/jyeT, hto cymecTByeT e 9 7^ 0. ^jih BcaKoro d > paccMOTpHM 
nceBflOTpaeKTopnio g(t) cjieflyiomero BH^a: 

!<p(t, a q + de q ), t<0, 
Mt,a q ), 0<t<r, 
4>(t, a p + de p ), t >t. 

Hcho, hto cymecTByeT Taxaa KOHCTaHTa G\ > 1, 3aBHcam,aa jihhib ot noTOKa 
h He 3aBHCHm;aH ot Bbi6opa d, e p , e q , hto g(t) 6yn,eT Cid-nceBflOTpaeKTopneii 
noTOKa </>. 

npeflnojiojKHM, hto nojie X o6jia,n,aeT jinninHneBbiM cbohctbom OTCjiejKHBa- 
hhh c KOHCTaHTaMH Lq h Dq. IlycTb, corjiacHO HanieMy npe/HTOjiojKCHHio, nceB- 
flOTpaeKTopHH g(t) npn Dq/C\ > d > OTCjiejKHBaeTCH TpaeKTopnefi totkh w q 
c pcnapaMCTpH3an,Hefl: hit) G Rep(LoCid). Ilpn stom BBinojiHeHO HepaBeHCTBO 

&ist((f>(h(t),w q ),g{t)) <L Cid, teR. (7) 

Mcho, hto TpaeKTopna: tohkh cu q nepecexaeT E g . 06o3HanHM TOHKy nepece- 
neHHH nepe3 u)'. H3 HepaBeHCTBa ([7]) cjie^yer, hto HaiineTCH Taxaa: KOHCTaHTa 
C2, He 3aBHCHmaH ot d, hto uj' q = <j){H , w g ) npn HeKOTopoM I if I < Cid. TpaeKTO- 
pna tohkh u' 6yp,ei OTCjiejKHBaTb nceBflOTpaeKTopHio g(t) c penapaMeTpraaHH- 
eft Kjiacca Rep(L'Ci<i), r,n,e V — (LqCi + C2)jC\. J\im npocTOTbi flajibHeftniero 
H3JiojKeHHH nepeo6o3HanHM u' q nepe3 co q h L' nepe3 Lq. 

Onpe^ejiHM w p S S p cjie^yromHM o6pa30M: w p — Kw q — <fi(T,w q ). 
H3 BKjiiOHeHHa g{r) G E p h h3 HepaBeHCTBa ([T]) npH t = t cjie^yeT, hto 
dist((/)(/i(r), ui g ), Ep) < LoC\d. 5Icho, hto b stom cjryiae cymecTByeT Taxaa 
KOHCTaHTa C3, He 3aBHCHiHaa ot d, hto w p = 0(/i(r) + H,w q ) npn HeKOTopoM 
1^ I < C 3 d. 

IlycTb cf>q (t,x) = Hq^ <j)(t, Ilg - npoeKD,HH noTOKa <p Ha noflnpocTpaHCTBO 
Sg . 5Icho, hto 4> q ^ 3a,naeTCH jiHHeiiHbiM BeKTopHbiM nojieM pp Tex nop, noxa 
TpaeKTopna He noKH^aeT OKpecTHOCTb N q . AHajiorHHHO bboahtch <p p (t,x) — 
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Bo3bMeM e = 7r/4 h L = C±Lq + 1. IIpiiMeHiiM k stiim hhcjielm h noTOKaM 
<p p (t,x) 11 ($\—t,x) npii j G {1, ...,£} jieMMbi 5| h |5) Hafl^eM TaKiie HHCJia 
T = T(e,L) h do = do(e,L), hto yTBepjKfleme jreMM 2] 11 [S] 6y,n,eT BbinojmeHO 
fljia flaHHbix T ii do A- 113 Bcex paccMaTpiiBaeMbix chctgm. 

Bbi6epeM Taxoe di G R, hto do > d± > h pjm jiio6oro d < d\ BbmojmeHbi 

HepaBCHCTBO (|7J| H BKJIIOTCHHH 

B(L Cid, 4>{t, a q + de q )) C N q irpn > t > -2T 

ii 

B(L Q dd, <p(t, a p + de p )) C N p npii < t < 2T, 

rfle B(a, x) - map pa^iiyca a c u;eHTpoM b tohkg x. 

OTCiofla h H3 HepaBencTBa (|7J| cjie,nyeT, hto npii < t < T BbinojiHeHbi 

BKJIIOHeHIIH 

<j>{h{-t),u q ) GN q h (j>(h(T + t)-h(T),uj p ) SiVp. 

TaKiiM o6pa30M, iiHTepecyioiiffle Hac KycKH TpaGKTopiiii h nc6B f n,OTpaeKTopiin 
jiexaT b 7Vp ii 7V g . 

H3 HepaBGHCTB ([7]) ii ii3 onpeflejieHira g(t) cjie^yeT, hto 

\0 (h(t), w q ) - (t, a q + de q )\ < L dd npn - T < t < 0, j G {1, . . . , I}- 

w g o/moro 3HaKa. PaccMOTpiiM 6o- 
jiee cjiojKHbiii cjiynait, KOiyja dim Sq = 2. IIpiiMeHiiM jieMMy U k noTOKy 
<p q j) (-t,x) c 4 J) = njf^de,) h xp' 5 = Il^Wg. Mh BiifliiM, hto |axg(4 J) ) - 
arg(xQ )| < e = ?. H3 Bbi6opa e g cjie^yeT, hto e q ii w 9 jiejKaT b o/moii nojiy- 
njiocKOCTii othochtgjibho Ker TL P P K IL q ■* . OTCipzja cnepyeT, hto Tl p p KTL q ^e q ii 
lf p K H q u)q o,zmoro 3HaKa, T.e. 

U e /Kn^u; q < 0. (8) 

AHajioriiHHO noKa3biBaeTca, hto TI p p uj p h Il p p de p o/moro 3HaKa, T.e. U p p lu p > 0. 
CKjiaflbiBaa: HepaBeHCTBa (j8]) fljia Bcex j G {1,...,?}, nojiy^iiM HepaBeHCTBO 
n^ifllgajg < 0. H3 |5J cjie^yeT, hto H p p Ku! q < 0, o/maKO IIp p iira; g = 
IIp p a;p > 0. 3to npoTHBope^iie flOKa3biBaeT jieMMy[5]ii TeopeMy[T] □ 

5 ^OKasaTejibCTBO TeopeMbi [2] 

^jia flOKa3aTejibCTBa TeopeMbi [5] HaM noHa/i,o6iiTCH ppe flonojiHiiTejibHbie jieM- 

MBI. 

JleMMa 6. Ilycmb p u q - gunep6oAuuecKue ttiohku uokoh eeKmopnoao noAK 
X, npu 3moM moHKa p He neAnemcsi cmoKOM. Ilycmb r = W u (q) H W s (p). 
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IIpednoAOMCUM, umo e neKomopou OKpecmnocmu V moHKU r eunoAHeno bkjiw- 
uenue 

w u (q)nv cw s (p)r\V. (9) 

Tozda X Int^OrSh). 

/JoKasameAbcmeo. He yiviajiHH o6ihhocth, mojkho CHHTaTb, hto r £ Wf oc (p) (r^e 

Wl oc (p) H W™ oc (p) - COOTBeTCTBeHHO JIOKajIbHO yCTOHHHBOe H JIOKajIbHO HeycToii- 

HHBoe MHoroo6pa3iie tohkh p) . PaccMOTpiiM npoH3BOjibHyio TOHKy a £ W^ c (p) . 
Bbi6epeM Taxoe e > 0, hto 

1. dist(a,W s loc (p)) > e h B(e,r) C V; 

2. TpaeKTopna jihd6oh totkh x ^ W u (q) npn CTpeMjiemiii BpeMeHH k — oo 
noKH^ajia 6bi £-OKpecTHOCTb toikh q. 

Jlnsi npoH3BOjibHbix tq,t\ > paccMOTpiiM nceBflOTpaeKTopnio cjieflyioiHe- 
ro Bii,n,a: 

IIocKOjiBKy <fi(t, r) — >• p npn t — > oo h 0(t, a) — » p npn i — > — oo, to BCHKOro 
<i > HafiflyTCH Taxne To iti, hto g(t) 6yn;eT HBjiHTbcs d-nceBflOTpaeKTopHefi. 

IIoKa>KeM, hto jijih jiioSoh penapaMeTproainiH h(t) h tohkh x £ M HafmeTca 
TaKoe i £ R, hto dist(g(t),(f>(h(t),x)) > e. IIpe/niojiojKHM npoTHBHoe, Tor,a,a 
BtinojiHeHO HepaBeHCTBO 

dist(g(t),(/)(h(t),x)) < e, (eR. (10) 

IIocKOjibKy g(t) — > q npH t — >• — oo, to h3 HepaBeHCTBa (|10[) cjie/jyeT, hto 
a; £ W u (q). IIoflCTaBHB t — b (flO|) , nojiyHHM HepaBeHCTBO dist(r, cj)(h(0),x)) < 
e. OTcro^a ii ii3 coothoihchhh (j9|) cjie,n,yeT, hto (f>Qi(0),x) £ W^o C (p), a 3HannT 
fljia jiio6oro i > BbinojmeHO BRjuoneHiie <fi(h(t),x) £ Wjoc(p)- Ho Tor^,a, hc- 
xo,h,h H3 Bbi6opa a, npn £ = To + Ti He BbinojiHeHO HepaBeHCTBO ()10[) . A OTCio/i,a 
cjie^yeT, hto X ^ Int 1 (OrSh). □ 

JleMMa 7. Ilycmb p,q - zuncp6oAuuecKue moHKU uokosi ecKmopnozo noAK 
X £ Int^OrSh) u npu srnoM &m\W u (p) = 1. Ilycmb r £ n VF s (p). 

Tozda r - montca mpanceepcaAbHozo nepecenenusi W u (q) u W s (p). 

/JoKaaameAbcmeo. IIpeflnojiojKHM, hto r - TOHKa HeTpaHCBepcajibHoro nepe- 
ceneHHH W u (q) h W s (p) . Ho aHajiornn c flOKasaTejibCTBOM jieMMH [2] mojkho 

CHHTaTb, HTO 

1 . nojie X jiHHeftHO b HeKOTopoii OKpecTHOCTH U tohkh p h npn stom r £ U ; 

2. B HeKOTOpOH OKpeCTHOCTH V TOHKH V MHOrOo6pa3He W U (q) HMeeT BHfl 

r + K , iyje K - HexoTopoe jiHHeitHoe no^npocTpaHCTBO. 
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IlocKOjibKy W u (q) h W s (j>) b OKpecTHOCTii V npeflCTaBjiaiOT co6oii acbcbim- 
HBie npocTpaHCTBa h npn stom dim W s (p) = dim M — 1, to 113 HeTpaHCBepcajib- 
hocth nepeceneHHH n W s (p) cne/ryeT, hto W"(<7) n V C W(p) PI V. H3 

SToro cooTHOineHHH 11 113 jicmmm IH1 cjie/ryeT, hto X ^ Int (OrSh). □ 

/^oKaaameAbcmeo meopeMu\^ PaccMOTpiiM MHoroo6pa3He M pa3MepnocTH 
dim A/ < 3. IIo aHajiorHH c flOKa3aTejit>CTBOM TeopeMM [T] HaM floCTaTOHHO ,0,0- 
Ka3aTb, tito ecjiH X € Int 1 (OrSh), p,q e Per(X) h r € W u (q) (~l W s (p), to r 
- TOHKa TpancBepcajibHoro nepeceHemrs W s {p) h Ecjih p mm g hbjih- 

gtch 3aMKHyT0it TpaeKTopiieft, to ^aHHoe yTBepjKfleHue cne/ryeT H3 jieMMH [H 

TaKHM 06pa30M, MOMO CHHTaTb, HTO p H q - TOHKH nOKOH. IIpeflnOJIOJKHM, *ITO 

dim M = 3 (,n,OKa3aTejii>CTBO pjin cjiy^aeB dim M = 2 dim M = 1 aHajiorn 1 ?- 
ho). Bo3mojkhbi cjieflyiomHe cjiynan: 

1. Xoth 6m o^ho H3 MHoroo6pa3iiii W s {p) 11 W u (q) hmgct pa3MepHOCTi> 3. 
Torfla hx nepeceneHiie HBjiaeTCH TpaHCBepcajiBHBiM. 

2. Xoth 6bi o^ho h3 MHoroo6pa3Hii W s {p) 11 W"(g) hmgct pa3MepHOCTB 2. 
He yMajiHH o6mHOCTH, mojkho CHirraTb. hto dimW s (p) = 2. Toiyja H3 
jieMMM [7] cjie^yeT, hto nepeceneHue W s (p) 11 W' u (q') TpaHCBepcajiBHO. 

3. 06a MHoroo6pa3HH W s (p) 11 VF u (g) HMeiOT pa3MepHOCTB 1. B stom cjiynae 
Ka?K/],oe 113 hhx npeflCTaBjiaeT H3 ce6a TpaeKTopmo HeKOTopoii tohkh, a 
3Ha^mT, W s {p) = W u (q). H3 jieMMbi [5] cjie^yeT, hto X Int (OrSh). 

TeopeMa[2]/i,OKa3aHa. □ 

6 3aKJiK)HeHHe 

B CTaTte onncaHa CTpyKTypa C^-BHyTpemrocTH mhojkcctb BeKTopHbix nojieft, 

o6jiaflaiOIIi;HX JIIiniHHneBMM H OpiieHTHpOBaHHBIM CBOHCTBaMH OTCJiejKHBaHHH. 
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